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I.!iWorluc'-i.<>n 

A  large  nu  ber  of  investigators  have  made 
easurements  on  the  he t&-ray  spectrum  of  hat*  The 
majority  of  these  investigations  were  carried  out 
to  ascer  tain  the  end-point  energy  and  the  *  ost 
probable  energy  of  the  spectrum* 

Investigation  of  the  low  energy  end  (0-60  hev. ) 
of  the  spectrum  was  not  attempted  until  1&34  when 
H*0*h.  Richardson  (1)  made  measurements  of  the 
range  cf  the  low  energy  rays  using  a  Wilson 
Cloud  Chamber  i  and  converted  thee#  ranges  to 
energies*  He  used  a  Bah  source  deposited  on  gold 
and  silver  leaves.  The  source  was  centrally 
placed  in  the  chamber  and  stereoscopic  photographs 
were  "taken  of  toe  tracks t  using  a  double  camera 
arrangement* 

His  results  showed  a  surprisingly  large 
number  of  low  energy  tracks  f  which  exhibited  a 
broad  maximum  between  15-30  hev.  and  a  higher  one 
at  approximately  uS  hev* (Flat©  1).  The  maximum 
at  approximately  55  Kev.  mas  higher  than  that 
between  200-400  hev.  predicted  by  toe  existing 
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Plate  1  RaE  low  energy  spectrum  (H.O.W.  Richardson) 
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Energy  Kev. 

Plate  2.  Comparison  of  observed  with  theoretical  distribution  (1) 


theory •  ( 1  la te  2 ) . 

Richardson  discarded  the  apparent  excess  of 
particle*?  in  the  region  less  than  15  Key.  a3  being 
due  to  back  scattering  from  the  source  support# 

This  left  unexplained  however  9  the  surprising 
number  above  15  Kev.  and  :  to  the  30  dev.  peak, 
and  this  behavior  is  in  disagreement  with  theory. 

In  1934  Ferri  published  his  theory  of  beta- 
disintegration  (3).  This  theory  was  based  on  ti  e 
assumption  that  beta-decay  took  place  according 
to  the  nuclear  reaction. 

n  — * p  +  e-*-  ^ 

n-  neutron  e-  e  I  ectron  (Beta- povticle) 

p-  proton 
~  neutrino 

The  resulting  equation  for  the  energy  spectrum  is 

(  )  *  (  '2-l)/f  0-  E)%S  (4) 

where  2(2)  =  1  U  ’-..•or  of  'beta  part:  -  ose 

energy  lies  between  B  and  (h-tdh) 

F  =ra  Total  energy, 

(lb-1 j-  momentum  of  electron  (P) 

rr-  r» 

o 

2  =  Total  energy  available  in  a  disintegration 
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Ir,  1936  ie,  Id  char  A:  on  and  Paxton  (5) 
rearranged  the  equation  so  that  it  could  be 
readily  subjected  to  teat  by  the  observed  data* 


against  the  energy  E# 
iy  equation  (a) 

F(E)  =  S0~  1 


Hence  the  plot  should  give  a  straight  line, 
cutting  the  E-axis  at  Ea  which  gives  the  end¬ 
point  energy* 

The  experimental  data  did  not  support  the 
Fermi  theory  at  this  time* (Plate  4).  The  thick 
target  curve  is  typical  of  the  experimental 
evidence  which  lead  Konopinski  and  Uhlenbeck  to 
introduce  their  alternative  theory  (8)*  iy  a 
modification  to  the  Fermi  theory  they  obtained 
the  result  that 


For  a  Kurie  plot 

A  L  \^4 


is  plotted 


against  A. 


This  new  formula  (B)  moved  the  maximum  of  the 


Intensity  (arbitrary  units) 


Plate  3,  RaE  energy  distribution  showing  the 

effects  of  back-scattering  from  heavy 
source  supports  (8). 


4 


specis sii  to  lo  v(jx  electro..!  energies*  Much  of  the 
oxperiiiicnt&i  0,0.00.  on  uni cu  targets  no./  gave 
straight  lines  out  very  ;,.  u  L&ttr 

experiments  using  thin  targets  showed  that  the 
Ilurie  plots  according  to  *£•  U*  Theory  dropped  off > 
(Plate  5}  ...:deli  dome  ns  ora  ted  that  the  straight 
line  portion  was  accidental*  Also  from  the  mass 
iiffereaaee#  of  nuclei  the  values  of  sy  Hie 
f.  U«  theory  were  such  too  high  in  all  cases  but 
that  those  given  by  tire  Peru i  theory  agreed  with 
the  measured  mass  difference* 

In  liSt  a*  Flamers  ted  (8)  investigated  the 
effects  of  heavy  source  supports  by  mean#  of  a 
speetrogruph  and  Geiger  Pibller  counter*  lie  found 
that  heavy  source  supports  gave  a  large  amount 
of  back- scattering  and  hence  a  false  tmximm 
(Plate  3)*  Using  the  most  satisfactory  conditions 
lie  obtained  a  complete  energy  spectrum  which  he 
plotted  by  the  Kurle  method  for  both  the  Ferial 
and  h*  U*  theory*  (Plate  €)*  ihe  high  extrapolated 
end  point  energy  and  dropping  off  .given  by  the 
K*  U#  theory  is  evident  ?  as  is  also  the 


Plate  4  Kurie  plot  of  Fermi 


theory  showing  the  effect  of 
source  supports. 


To  tal  Energy/m  c2 

o 

Plate  5  Typical  Kurie  plot 
of  K.U.  theory.  Note  dropping 
off  of  the  curve  and  high 
extrapolated  value  of  Eq 
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diaagrosmerii  of  the  Fermi  theory  with  the  middle 
energies.  lie  concluded  tl  at  neither  the  Fer  i 
n>'  th  TT.  theory  agreed  completely  with  the 
expert  cntal  data, 

■’***•■ 

^ore  recently  Taltrer ..and  Angers  (9)  and  (10) 
and-  hadsen  (11)  investigated  the  low  energy  range 
(Flute  ?}•  Aal trier  and  Rogers  used  a  RaE  source 
deposited  on  a  collodion  film  0*2  u  thick  in 
some  of  .  hair  experiments  and  a  Bag  vapour  in 
others.  1. ey  also  obtained  a  maximum  at  about  30  Kev. 

.  -  -A  Its  ■  t  V.  }*{/  0,(9)  and  (10)  all 
disagree  with  the  existing  theory  of  beta-decay 
and  it  is  therefore  important  to  study  this  problem 
further  to  determine  the  status  of  this 
disagreement.  This  investigation ,  which,  has  been 
confine--1  to  the  energy  range  0  to  86  Em*  in  the 
Ral;  spectrum  is  for  the  purpose  of  obtaining 
additional  evidence. 


Intensity  (arbitrary  units) 
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»  Madsen 

-  Waltner  and  Rogers 


o  i— - - — - - - * - — - * - - - * 

0  /O  2  0  $0  -9  0  SO 

Energy  Kev. 


Plate  7  -  RaE  low  energy  spectrum 


6 


1 •  Cloud  Chapter  brv.er 

i  it  Cii&tsaber  (  ^tel6j  1a  of  the  t,.,pe 
developed  by  Gilbert  and  Dee  In  U  e  Cavendish 
Laboratory*  It  was  built  in  i*~e  i&tion&l  Bese&rch 
Council  s .  ope  at  Chalk  Elver*  It  is  of  t  ©  pressure 
actuated  diaphragm  type  in  which  the  working 
clamber  ia  aealvd  off  by  a  rubber  di&phimgm*  # 
Expansion  la  obtained  by  a  pressure  differential 
betwca  the  two  sides  of  the  diai  kmgm#  In  our 
case  tl  e  working  c  amber  is  kept  at  atmospheric 
pressure  and  tie  lower  side  of  t;.e  diaphragm  my 
•iUi«r  oe  at  atmospheric  pressure  (eo^raaaad 
position)  or  open  to  an  evacuated  etasber  by  nouns 
of  a  sylphon  hallows  valve  (expanded  Position}# 

The  valve  (Plate  1 7}  is  actu;  .•  a  solenoid 
controlled  by  t  e  min  circuit* 

-he  expansion  r  ,tio  is  adjusted  by  raising 
a  4  lowering  a  ..late  under  the  diaphragm  by  ^eans 
of  a  large  screw. 

The  - bottom  of  t-.e  chamber  consists  of  a 
perforated  nraaa  pints,  over  which  is  a  layer  of 

*T7>  £”!5nESiXl’5!^ 

Ontario  Bu.  her  Co* 


Cloud  e.  prefer 


Cloud  elmafcer  completely  asaeiobled 


I 


To  C hank  i- 


Plate  17 

•Sjlpt,  oh  Bef/ou/s  tlechahism 
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black,  velveteen,  stretched  taut  on  a  circular 
hoop  of  brass*  The  velveteen  ©Urinates  stray 
light  from  ;  he  chamber  floor  and  permits  a  non" 
turbulent  flow  of  air  .0  take  place  during  an 
expansion# 

Tb©  walla  of  the  chamber  are  made  of  lucite 
1/ 4*  t;  ick  and  2*  high#  The  only  disadvantage  of 
walla  of  t  is  type  see*'  a  to  be  teat  they  are  aligi  .  ly 
solatia  in  certain  organic  solvents#  For  t.  # 
reason  acetone  is  not. used  in  the  chamber#  &n 
uquadag  ring  one  inch  Ugh  is  painted  around  tee 
bottom  of  U  e  lucite  wall  to  prevent  the  beam 
reflecting  off  tie  bottom  of  tee  clamber  into  t:  e 
camera# 

The  top  of  tee  e&ae&er  is  of  glass,  i^/SE} 
t,  lek,  s  Owing  no  flaws  or  imperfections#  A  3/S* 
aqu&dag  ring  is  painted  around  tee  inner  surface* 

•vhen  tee  c  amber  is  in  operation  a  400  volt  clearing 
field  is  applied  between  teia  ring  and  the  floor 
of  the  e,  amber#  the  high  voltage  is  connected  to 
t  ©  ring  by  means  of  two  aquadag  stripe  which  are 
painted  to  tei©  edge  of  the  glass  top  at 
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diametrically  opposite  points*  Connection  is  tad# 
to  '.wo  ti  foil  strij  &  which  are  inserted  between 

ti  o  top  and  t.  e  walls  at  tee  aqu&dag  ®  rips*  the 
seal  between  tee  well#  and  tep  and  bo  ton*  Is 
accomplish. ed  &eaaa  of  1/MW  natural  rubber 

gaskets* 

The  working  six  lure  is  introduced  into  tee 
chamber  qy  meat**  of  a  pipe  wMek  Is  threaded  into 
the  .  ase  at  on#  •  dge*  end  is  closed  at  the  upper 
end  with  ...  soreer  plug# 

TP#  valves  t  expans  a  on  regill&tion  screw,  aud 
'•  ovable  ox*  ornel  conneotlen*  are  packed  with  a 
fixture  of  vaeutw.  gEs.eee  end  cot- on  hatting*  7m 
base  of  the  etwi&e?»  which  is  tad#  of  cast  aluminum* 
is  painted  with  glyptel  since  the  alttaiMfe  is 
slightly  porous*  This  portion  of  tee  efcwaMr  is 
isolated  from  tee  working  portion  by  te#  diaphragm 
and  it  as  fou.nl  teat  small  leak#  did  not  greatly 
interfere  with  tee  operation  of  the  theater  as 
t;  ey  wore  quit#  'easily  handled  by  the  pawpe# 

Two  Ceneo  Ifyvac  pumps  in  parallel »  mintain 
a  tank  of  about  1/6  cu*  fu  capacity  at  a  low 
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pressure*  Vi.®  tank  xa  connected  to  t*  e  uase  of  tie 
cla,  bo;*  /id  is  opened  to  tae  bo itou  of  the  diaphragm 
by  ti  e  exi  anaion  valve* 

A  length  of  load  tubing  trapped  around  t,.e  base 
of  tie  chamber  las  connected  to  a  cold  water  Hue* 
This  w&a  done  'to  reduce  t*  e  te^perat ore  laal&e  u,e 
dumber  and  to  stabilise  it  3  urlag  operation*  In 
addition;  reducing  tie  ta&^erature  at  tie  -u.se 
below  that  of  t:.e  walls  and  top  plate  eiisslnates 
fogging  of  t-e  latter  during  operation* 

2.  Kelri.oltg  Celia 

The  .*io&olt&  coils  were  built  at  the 
ational  :.,esearcb  Council  slops  at  Chalk  liver* 
vh©  insi  !e  dta&oto?  is  Xi#  and  the  on told*  iia®ote-r 
la  %&%*•  The  coil  £wm  are  of  1/S51  brass*  3-b/&w 
deep  and  p-l/S*1  wide*  a  single  layer  of  copper 
tubing  is^oua.;  on  the  inaiue  for  cooling  purposes 
and  10b 0  turns  of  pH.  II#  F*  copper  wire  per  coil 
..re  spooled  on  tie  outside  of  tft*  tubing#  fhe 
resistance  is  *B  etea  per  coil  at  20 
Centigrade*  Du^.  to  the  inductance  of  ti  e  winding 
the  titae  for  the  current  to  reach  a  steady  value 
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is  found  to  be  about  1*L  seconds*  For  this  reason 
It  is  idvlaai  Is  to  ave  at  least  a  2  ascend'  clei-^y 

for  tie  coils* 

Si  s  e  il  circuit  (Fig*  1}  consists  of -an 
A*  c*  relay  which,  when  activated  by  the  tiding 
circuit t closes  u  heavy  current  #€*  relap  'to 
the  coils*  a  condenser  of  60  sdcrofara&e  capacity 
was  connected  across  the  coils  to  prevent  ,-rcing 
at  low  currents*  For  Mgh  current  work  to  ere  is 
a  TUngar  "ercury  lectifier  (XS&04S)  across  t.  e 
relay*  This  snorts  the  back  eif*  of  tie  coils 
directly  preventing  arcing  across  the  relay 
contacts* 

rue  : 'eltiholta  coil  field  uniformity 
investigated  (13)  and  found  to  be  uniform  within 
♦o-.:  over  a  region  bounded  by  planes  H#5  eao* 
below  and  above  the  plan#  through  the  midpoint 
of  t*  e  coll#,  and  a  cylinder  of  b  m*  radita* 

Hie  c&tcx*u  (Plate  18)  ms  designed,  and 
built  in  tl  e  Physics  Mimrtzmit  by  0*  T* 
ckotallo*  It  is  fitted  with  a  Leica  f3*8 


, lata  IE 


a.rj.era 


Ftcj.  1. 

Helmholtz  Coil 
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le.iS  using  .  :  *.a  A  ora ted  i'll:  s*  a  pull  •»...•  ay 

abutter  keei^a  light  out  of  the  camera  .on  a 
ilotart  is  nvt  being  taken#  hie  shutter  is  actuated 
by  a  smll  electromagnet  fastened  to  the 
Kelmholta  coils  circuit* 

The  camera  is  chain  driven  >y  a  Plexc-  ctlon 
I  volts  CO  eye;,  e  >  geared .  to  10  r*|>*8i#  * 
tade  y  er*le  erf!  Gtfcr  Ca* .  A  tootled  *  eel 
engaging  tie  film  is  fastened  to  a  disc  with  four 
ho-.ee  vt  let.  aru  si  *eed  on#  fraase  a.  art*  These  holes 

eetnete  a  sliding  witch  (fig#  £  )  which  .  m 

advance  of  ti  e  film  on#  ip&m  ev,cU  time  tie 
slim  oils  coils  are  aetu&tedU 

The  camera  is  counted  on  un  aiuutou®  st arsi 
which  i$  belted  to  the  top  /W&witolt&  Coil*  Tro 
front  aluminized  &lrrori»  in  frame*  at  ei  char  si-  a 
of  the  stand  allow  etereoecepic  views  of  tl  e 
chamber  to  -,e  'talon*  a#  mirrors  are  E~l/4** 
a  part ,  extending  down  against  the  top  of  the 
chamber*  ach  mirror  gives  a  view  of  one  ualf 
of  i:  e  clamber  on  ti  e  film* 


‘■mmx  fcfciparrt 


5 

o 

v 


~1h 


u. 


IQ 


>  ^  $ 
•  °  I 

o^>  c  cc 


u. 


s: 


Plate  25  Main  control  circuit 


Hate  26  Automatic  and  Hash  control  circuits 
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Illuriun&ticn  is  accompli  a.  ,ed  uy  uig,..  apeed 
Argon  photof-usl  laops  of  tee  straight  cute  typa 
0.  K#  .;  \  -120  mounted  in  u,^*  to  fit  bet  ae^.  tee 
coils  (Platt  19}*  ftt  ..  c  half  of  tit  tube  la 
silvered  to  increase  illumination#  A  claar  incite 
lens,  roade  by  splitting  and  ; olieLing  a  i*1  uueite 
rod*  is  used  to  ©olXim&te  tit  beam#  wo 
5l&metricully  ©ps>©sed  lamps  are  used*  e&ek  flrul 
fttai  a  mm*m  trigger  circuit*  (Fig#  3  )  . 

•tp act  te  eesidenser*  * 

*>•  &aH^U&3Sai*» 

U>  ^£££iiJii£3 

the  jrain  control  circuit  was  arranged  a  a 
st o*m  i  .  :.  .  4-  an  ig#  5  *  It  consists  of  a 

scries  of  tiding  circuits*  .  ac*  timing  circuit 
u3t-s  a  grid  ©©ncleneer  t^p-a  of  control-*  in  w  4  oh 
t:  o  cat.  ode  of  a  te.yratron  is  kept  at  a  -  00  volt 
positive  value  with  reaps© t  to  ground* 'tea  p-^&t© 
aing  at  4C(  volts#  A  eon&eneer  between  tea 
grid  and  ground  is  teen  ©larged  up  te,rougL  a 
variable  faeietof  network  between  it  and  tea  plute* 


' 
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. the  vo 

sufildwvtl;.  high  va.-Uv  ;.o  cxccutl  cutoff  t.x 
uyr.-  uvn  fires*  closing  <*  relay  in  its  ,  lute 
circuit*  'Ihi©  relay  in  turn  close©  the  circuit 
to  t  |  -  tron  or  to  <  .  ii|  c  mtm s 

such  ...a  tue  j  ash  tule*  Time  J  clays  are  ud.  jus  tel 
■y  vary  inf  tie  resistor  nativor*  to  th#  grid 
oond  snsar* 

The  minor  control  circuit,  or  automatic 
operation  circuit,  consists  ot  a  Xh  position 
selector  ©v4 tc  .  'triggered  by  a  souenold  wUch  is 
en-u*£l&ed  by  one  of  the  Usd.  nr  circuits  in  the 
min  control  circuit*  There  ore  actually  § 
different  .  editions  on  tie  selector  switch,  >a« 
ots  or  6  being  repetitions*  fdi  ©witch  controls 
the  anti  ude  operation  of  tic  e.  amber,  closing 
circuits  to; 

(a)  hda&olt*  coils 
(B)  Expansion  circuit 
CC)  lighting  circuit 

Paper  condenser*  are  used  throughout,  except 
in  uigl  voltage  filters*  The  relay®  are  md*  by 
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Clare-  and  Co.  and  witi  IcOcO  turn  a 

ufiA  rtsiuiari©*  of  &-00  eiu;ia#  TKe  rsiayii.  are  a  six 
txvi-iv*ul  • ,  .  :..  f-lue  two  snsrgising  ter. iritis# 

1  arid  2  9  uni  4  sod  5  arv  normally  closed  |  2  and  3> 

M  sr  ”  sre  nor  ally  open# 

7  one  i\>.  Vun  a  11  Bt  of  lim,:  in  t  e  ;rain 

,  4- 

l  5;  •  5  ) 

fatlay  X  -  Sfcri  tehs®  XXOV  60  ^  to  piu*  2* 
s-eluy  -  -  3wi totes  400  B  to  ;  lug  X# 

Cut®  off  40C  &  to  clearing  field. 
Belay  3  -  8)*ltoi  o«  110  ¥  60  «  to  plug,  5# 
uuay  4  -  Hot  use  * 

:  slay  -  Closes  •  ilgz  ting  circuit. 

Cuts  off  power  to  plug®  3  and  3# 

Belay  -  Controls  opera ti  one  of  EaX&ys  X  And 

2  and  7*  4$!%  A  cause®  expansion  md 
so^raasloa* 

Kola,,  ?  -  Controls  tilling  circuit  of  ,#Xuy  6# 
raluya  6  a*v!  7  control  tie  r  sin  cycle  of  a  oration* 

1  lug  (1)  -  12  and  14  to  clearing  field. 

13  and  16  to  expansion  valve  cm 
eaatifear. 
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lug;  (...)  -  (a)  xo  seep  switch  for  ujor 

ii)  iS  1  OHS  ♦ 

(b)  To  atop  switch  for  minor  and 

*«jor  expansions* 

(c)  etep  ©witch  for  stabilising 

interval# 

Flag  (3)  -  (1-3)  6*3  V  rila,  .«nt  on  thyr&iron 
on  panel  3* 

(3*4)  ..Olay  lor  iislmboltfe  ceils* 
Plug  (4)*  (1)  100  a  lor  lighting  circuit* 

(2)  Ground* 

(3—4 )  To  relay  6  lor  triggering; 

light* 

i.  lug  (5)  *  lot  used*  lo  relay  for  source* 

:  lu;:  (6)  *  110  v  60  ■■'■  to  mmm  motor* 

Plug  (?)  *  no  A#  C*  mins* 

5^  *  Turns  power  cm  and  off* 

£  *  -urns  lighting  and  source  on  as x!  oft* 

S<>  *  :uro&  on  slow  or  fast  expansions* 
Selector  Switches* 

I  -  time  delay  for  Hel^bolte  coils. 

H  *  Tiss®  delay  for  source* 


I';'  '  > 


. 


1M 

ill  tin:  •  table  with  cmmm  on  stand  for 
reprojecfcint  track  ixmgm* 
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and  dU3t  partic~es*  In  tne  eii’cuit  as  used  t*-ey 
are  produced  by  causing  an  expansion  to  take 
place  before  full  compression  has  occurred*  This 
is  done  by  regulating  the'  length  of  the  timing 
interval*  The  chamber  remains  compressed  for 
9*5  seconds  and  is  expanded  for  2.5  seconds  and 
a  full  cycle  of  operation  requires  72  seconds* 

Other  satisfactory  cycles  nay  be  set  up  by 
adjusting  Q  and  K* 

6.  Tilting;  Table* 

An  8”  by  12”  piece  of  glass,  painted  white 
was  placed  on  top  of  the  12”  by  12”  bakelite 
table  top,  and  used  to  vi£w  the  tracks  (Plate  II  ). 
The  bakelite  was  fastened  to  a  steel  hemisphere 
which  fits  into  a  machined  bowl,  with  an 
electrorragnet  in  the  middle  that  makes  close 
contact  with  the  hemisphere*  Hie  electromagnet 
clamx  s  the  hemisphere  solidly  at  any  angle*  The 
table  was  limited  to  a  ten  degree  tilt  by  means 
of  an  adjustable  co!3.ar  on  the  hemisphere*  This 
limiting  angle  was  calculated  using  the  boundaries 
of  the  illumination  at  the  Incite  walls  as 
determined  experimentally*  (Plates  12a,  13) 


Steel  he  - 1  •  -.‘o  v.i  ib  fixed  und  odj  uet&ble 

collar,  in  position  on  the  bottom  of  the 
tilting  table*  XMa  collar  limited  the 
tilting  angle* 


1  -  Defined  edge  of  light  beam 

from  flash  tube 

2  -  Limited  position  of 

tilting  table 

3  -  unlimited  position  of 

tilting  table 

4  -  Source  at  center  of  chamber 

5  -  Lucite  wall 


d>. 


Front  vi ew 

Right  half  of  chamber 
Plate  13 
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7.  j£c-tro'? 

A  U  ufoe  2*3  ct»  in  iiai.wter  and  10  cm# 
on  a  side  was  need  ae  a  container  fox*  the 
solution  of  IfeT  and  E*  .die  anode  and  cathode . 
were  mad©  from  ;  latlnu  discs  two  cm*  in 
diamoter,  spot  welded  to  gauge  platinum 
ire  joined  to  a  1/4 w  diameter  glass  tube* 

Several  snail  vanes  were  drawn  out  on  the  glues 
tube  of  the  a«  ode  as  it  was  usod  ua  a  stirrer* 

,  grooved,  rubber  lice  placed  on  tee  anode 
and  driven  y  a  varia-  le  speed  electric  motor# 
Ttocuxy  contacts  *er©  ujed  for  bote  electro::©©* 

The  circuit  consisted  ex"  a  dry  celly0»100 
«  icreeraeter  and  a  one  megohm  potentiometer 
in  r.  cries*  ( 1  late  9  } 

s»  TgB&lkL. .Ol. .^I&XRaSSfc. - 

The  central  hole  in  the  perforated  oruas 
bottom  of  the  chamber  was  tapped  with  e 
tap,  and  a  :--32  flat  headed  holt  cut  to  prevent 
it  cutting  t;  a  rubber  aiaporuga*  The  heed  of  tee 
belt  was  drilled  and  tapped  with  a  & 56  tap-  for 
which  1/S4'  c©  per  rod  was  turned  fern  end  threaded# 


. 
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A  U-shaped  piece  of  gauge  wire  about  4  cm* 
in  length*  was  soldered  to  tne  desired  length 
of  copper  x*od  and  this  was  the  film  support* 
ihfc  bol b  was  placed  in  the  central  hole*  then 

put  ia/  p)aee  i nd  the  co i  p er  ro d  with 
the  film  and  source  screwed  into  the  head  of  the 
bolt* 

b*  ,^vacuatin^:  dysoeia* 

this  consisted,  of  a  banco  Hyvac  pump 
connected  to  tne  chamber  through  a  drying  tube* 

4 

mercury  manometer  and  a  three  way  stop- cock*  (J  late  15} 
The  connection  to  the  chamber  was  made  at  the  top 
of  the  tube  used  to  introduce  the  working  mixture 
ox  water  and  axcohox*  A  vacuum- tight  joint  was  used 
as  a  connection  to  this  lube*  The  gas  mixtures 
were  introduced  from  two  tanks  connected  by  a 
three-way  stop-cock  at  (a)*  (Plate  15)*  The  working 
mixture  has  placed  in  the  thistle  tube  prior  'to 
xilling  the  chamber  wit h  tne  gases  and  then 
introduced  by  opening  stop-cochs  (1)  and  (2)* 

(riate  15)* 


■ 


. 


. 


5-Xatc  U 

r&ectrolyela  &ppamtu® 


pystftna  for  evacuating  and  filling 
chaaber  with  diffea*ent  {uses. 


iMstle  tube  m<J  etop-coeks  1  and  2  for 
intrc'tucin.;  working:  fixture. 


20 


r  £ji4Zrjr™r\  ttr;  V  *  *  14- — r..*, 

Although  u..e  source  uti  e:  g ' .  ..>  hanoltm  er ..  low, 

;  i 

rubbor  gloves  were  used  tliroughou  t*  She  uetfrod 
described  mere  fox  t**e  cepa^ ution  of  i&E  has  been 
used  at  Oak  hidg©* 

An  cl  a  ruci.cn  seed  »c*s  placed  in  the  brui.s 
container  and.  gpcund-  by  means  of  a  fitted.,  brass 
rod  (flame  £)♦  Id  was  placed  in  100  1*  of 
1/2  LCi  and  allowed  to  stand  for  one  day  before 
separation  of  tie  BaE,  thus  allowing  tire  fox*  the 
BaB^  I  and  r  to  be  dissolved* 

A  silver  powder  repared  by  filing  a  three 
inch  length  of  It  gauge  silver  .'/ire*  was  placed 
in  a  210  ml*  flask  and  the  solution  of  bal ,  £  and 
1  was  poured  into  the  flask#  It  was  tightly 
corked  and  vigorously  siaken  for  10  minutes  and 
then  the  solution  ..as  filtered  to  remove  the 
silver  powder,  this  procedure  separated  the  ha? 
from  lab  and  X)  due  to  the  chemical  affinity  of 
IaF  for  silver* 

r!he  resulting  solution  of  Bail  and  £  was 


Plate  8 

Container  and  rod  for 
grinding  radon  seeds. 
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poured  carefully  into  tue  U  tube  which  w^s 

sultal  ly  held  on  a  retort  at  i  .  (  late  9).  The 
U  tube  eve '  up  sc  that  the  platinum  cathode 

and  anode  were  subaierged*  Since  Uxe  anode  was  used 
Uo  a  stirrer  it  was  submerged  about  two  inches. 

She  stirrer  v/as  set  in  operation  and  the  current 
adjusted  means  of  a  potentiometer  to  28  ua. 

This  gave  a  current  densi  ty  of  10  ua/c in2  at  which 
value  Bab  begins  to  be  deposited,  (12) 

"lie  activity  of  tie  cathode  was  checked  every 
5  minutes  using  a  scaler  and  associated  circuits. 
(Plate  10).  After  3.0  rdnutus  the  activity  of  the 
source  was  6176  counts  per  ioinute  on  shelf  Ho.  1. 
This  in;:  .ore  than  sufficient  for  the  purpose  of 
the  so  experiments.  A  source  of  approximately  1500 
counts  per  walnuts  was  required  since  our 
e::£  erience  lias  shewn  that  tide  activity  will  give 

ks  pex  mjor  expansion,  ’The 

i . tivi  v  . ii  .  ’  eff  using  9/8  KClf 

srrec  .  amount  being  determined  by  frequently 
....  ivii#  on  the  cathode. 
>lutic  me  the  i  svapo rated  to  dryness, 


XaLe  10  Sealer f  lead  car-. tie  arid  associate.!  ,  ~rati 


,  Xu  to 


Load  castle  allowing  G#lg*r 
tuba  and  trays. 


using  a  bunsen  burner  and  making  certain  tkat  the 

last  few  rops  tc  be  evaporated  were  on  a  snail 
area*  Than  one  rox  of  J/r  kCl  was  added  by  means 
of  a  fine  tipped  ey  _  dropper*  The  drop  was  moved 
about  me  cube  with.  the  eye  dropper  to  assist  it 
in  dissolving  a.  .c  ha,^#  Tien  this  drop  was  placed 
on  a  vinylite  film  mounted  on  the  wire  source- 
sup  pGris,  The  drop  was  evaporated  using  the  heat 
from  <*n  ordinary  desk  lamp  wi  th  a  60  watt  bulb* 
ine  film  was  tnon  cheeked  for  activity.  If  the 
value  .ns  too  nigh  some  of  tae  IcaE  was  dissolved 
off  by  placing  a  drop  of  K/2  I1C1  on  it  and 
removing  it  again  .with  the  eye  cropper.  If  the 
activity  was  too  low  more  I&k  ./as  added* 

-i  oc  .  Ina  usi--  Han,  fu  -r* 

the  source  war  pi,,  red  centrally  in  the  cloud 
c  muber  and  stereoscopic  pm  tographs  were  taken 
of  the  beta  particle  trucks  from  the  Bel  in 
hydrogen,  orygeu,  and  ir:  o.vu  gas  mixtures,  namely 
10  c  of  mercury  pressure  of  oxygen  and  60  cm. 

UJ-  ^ am  uk *  <r  c...#  v>*  oxygen  ano.  4/. 5  cm* 

of  hydrogen,  ly  using 


mean  mixtures  a  reasonable 


. 

, 

Wr  :  -  '■  -i-v’  '<"■ 


-;r.  /v;  .  f  fa-  .  .  ,  >  .. 

/ 

I  >•  >  :  .v"  -  ' 


. 


•  -V  ■  ‘  .  ;"w  !;  ..  . 


. 


-r;': 


. 

. 

. 
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amount  of  o verity  ing  of  energies  from  the 
different  ranges  wan  obtained*  A  total  of  436 
frames  were  tuk.cn* 

before  parting  tne  gas  in  the  chamber,  tne 
c  number  «;us  evacuated  to  1  mu*  of  mercury  pressure. 
Then  it  was  ilushen  cut  and  evacuated  twice  with 
t.*e  gas  or  gas  uulxture  co  be  used,  then  evacuated 
and  filled  to  at*  ospheric  pressure  as  indicated 
on  a  mercury  w&nometer.  ike  temperature  of  the  room 
was  'taken  and  recorded  throughout  the  proceedings 
from  a  tuer.iiOi-.etej  placed  on  Che  top  Helmholtz 
coil,  due  bar ome trie  pressure  was  recorded  four 
tiroes  during  the  procedure. 

die  film  was  tank  developed  for  six  minutes  at 
20  degrees  cenwigruus  ’  using  high  contrast 
developer  iorimlLi  h~li  by  kodak.  (Appendix  1).  It 
was  tuen  fixed  fo*  eleven  minutes  using  formula 
i  -5 .  (i ippeiicdx  1 }  * 

AJu.Uvt  Ox  y.U.u>  ,  w. 

hue  camera  and  stand  were  removed  from  trie 
caaiaber  and  -laced  in  position  on  the  tilting 
taole  wppai-atus)*  the  mens  oo  table  distance  was 


:  ■ 


• 

' 

• 

■ .  .•  ■  ■  ■’  • 

-  .  -V  ■’ 

■  .  -'/A  ■  •'  ■- 

«  i 


* 

... 


,  Li 
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made  the  3ame  as  the  lens  to  source  distance  in 
the  chamber*  The  developed  film  was  replaced  in  the 
camera  in  the  same  position  that  it  occupied 
when  the  photographs  were  taken  and  the  tracks 
reprojected  on  to  the  white  table  top,  by  means 
ox  tne  projector  lamp.  (Mate  ±1).  The  source 
image  was  placed  centrally  on  the  levelled  table 
top  and  the  three  views  made  to  coincide  as  each 
frame  was  brought  under  the  lamp*  ly  tilting  the 
table  tii©  three  photographs  of  a  given  track 
could  be  made  to  coincide  over  most  of  the  track 
length.  Since  care  was  taken  to  assure  that  the 
camera  lens  was  not  touched,  the  track  image  so 
obtained  was  a  very  close  approximation  to  the 
original  track  in  the  cloud  chamber.  The  track 
range  was  then  measured  by  means  of  a  divider. If 
the  track,  was  curved  the  divider  was  set  at  about 
three  millimeters  and  the  track  length  stepped  off. 
The  divider  spacing  was  determined  by  the  amount 
of  curvature  px^esent.  'die  tilting  table  was 
limited  to  a  10  degree  tilt.  Thus  all  tracks 
measured  were  within  a. 10  degree  solid  angle,  which 


Camera 


;  xX 

s .  -0'»v  i ng  repro. J  ©c %ing  |  •  rl 
and  lig'.t  In  position* 


was  just  within  the  defined  edges  of  the  beam  at 
tx.e  iucite  walls.  (Plate  13).  Without  this  lirait 
on  the  tilting  angle  a  much  larger  solid  angle 
was  available  to  short  tracks  near  the  source  (a 
and  b  Plate  13)  but  the  longer  tracks  were  still 
limited  to  this  10  degree  solid  angle  by  the 
boundaries  of  the  light  beam,  (c  Plate  13).  This 
assisted  in  getting  a  more  representative  cross 
section  of  the  spectrum.  If  a  track  appeared  to 
end  but  the  three  photographs  could  not  be  made 
to  coincide,  the  track  was  discarded.  A  weight 
between  1-5  was  assigned  to  each  track,  depending 
on  the  clarity  of  origin  and  ending.  The  tracks  in 
each  frame  were  numbered,  starting  at  one  side  of 
the  source  and  going  in  a  clock-wise  direction. 
(Plate  14).  This  assisted  in  re-checking  the 
measured  tracks  in  the  projector  or  on  the  tilting 
table.  For  the  method  of  numbering  the  track®  see 
(Plate 1 4).  All  the  tracks  in  each  frame,  except 
those  considered  as  old  tracks,  were  counted  and 
recorded,  which  gave  a  norraalizing  factor, to  use 
in  combining  the  distributions  from  the  various 


. 

• 

• 

' 


'gtfhodi  of  mx^^ring  tracks* 


gases  and  mixtures* 

Flates  2/  to  24  show  the  low  energy  tracks 
in  tiie  various  gases  and  give  an  idea  of  the 
weighting  process*  After  ail  the  tracks  of  one 
roll  were  measured  they  were  re-examined  in  a 
projector  where  each  of  the  three  stereoscopic 
views  could  he  examined  separately*  In  this  way 
an  additional  check  on  the  certainty  of  origin 
and  ending  of  the  tracks  was  obtained* 

The  measured  ranges  were  converted  to 
energies  using  the  two  formulae: 

(1)  E  =  24330  (  n,  K  )2*  when  hydrogen  was 

n* 

used* ( Tho mp s on- khid ding  ton  relation) 

(2)  S  =  2460Q(  ft,  B  )0*55  for  the  remaining 

mixtures  as  the  stopping  power  was  due 
roainly  to  oxygen.  (Williams)  (14). 

E  =  energy  in  electron  volts* 

number  of  extra  nuclear  elections  per 
c*c*  in  the  chamber  at  the  end  of  the 
expansion. 

n2  =  number  of  extra  nuclear  electrons  per 

%  The  weighted  tracks  were  not  used  so  they  were 
not  illustrated  on  these  plates. 
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Low  enei*gy  track  in  hydrogen  (arrow) 


*3 

Low  energy  track,  in  gas  mixture  of  10  cm# 
mercury  pressure  of  oxygon,  00  cm* 
hydrogen  (ariw  5 


mz&M 

Low  energy  truck  in  gas  r?ixiure  of  22*5  cm* 
mercury  pressure  of  oxygextf  47*5  eta* 
hydrogen  (arrow) 


Low  energy  track  in  oaygea  (arrow) 
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c#c.  in  oxygen  at  N#  T#  P# 

R=  measured  range  in  cm# 

Determination  of  ti  >■  half-life  r>-f  ty  e  source. 

"he  source  was  removed  from  the  chamber  and 
fixed  on  the  fir3t  tray,  with  an  absorber  of 
7  mg/cm. ^  to  stop  the  alalia  particles  of  RaF*  The 
source  activity  was  measured  on  a  scaler  at  the 
same  hour  for  several  days#  After  forty  to  forty 
five  days  the  activity  became  constant  at  about 
20  cpm#  above  background#  This  was  attributed  to 
RaD#  Logarithms  of  the  corrected  cpau  were  plotted 
against  the  time  and  the  half-life  of  the 
decaying  substance  calculated* 


Observations 
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Boll 

HO. 

1 

% 


Fr&tae 

track 

Total 

Trade 

1 

8 

2 

6 

3 

4 

7 

4 

6 

5 

6 

6 

6 

6 

7 

7 

7 

8 

E 

9 

1 

8 

10 

5 

11 

6  ■ 

12 

6 

13 

10 

14 

5 

IS 

4 

9 

10 

16 

1 

5 

17 

10 

18 

1 

6 

Range 

K(C©. ) 

(ajR)^ 

energy 

Kev. 

2*2 

0.37 

9.0 

3.4 

0.46 

11 

1.5 

0.31 

7.5 

2.2 

0.76 

IE 

5.4 

0.59 

14 

1.3 

0.29 

7.0 

1.4 

0.30 

7.3 

1.5 

0.31 

7.5 

4.5 

0.53 

13 

4 


X  w 
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Frame 

Track. 

Total 

Tracks 

hange 
H(cm. ) 

Energy 

Kev. 

19 

6 

20 

6 

10 

4.0 

0.50 

12 

21 

2 

22 

8 

23 

8 

24 

6 

26 

1 

10 

8.8 

0.75 

18 

2 

3.7 

0.48 

12 

26 

7 

27 

7 

28 

7 

29 

3 

30 

5 

31 

4 

32 

5 

33 

1 

5 

4.5 

0.53 

13 

1  3  7  1.8  0.34  8.3 

2  6  6  7.6  0.69  18 

3  3 


4 


3 
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Roll  Frame  Track  Total  Range 
No.  Tracks  K(cm. ) 

3  1  8 


H 


Energy 

Kev. 


3 

1 

4 

2*1 

0.36 

8.8 

4 

5 

5 

7 

6 

3 

7 

9.3 

0.77 

19 

4 

4.2 

0.52 

13 

7 

7 

8 

1 

6 

1.1 

0.37 

6.5 

5 

3.0 

0.44 

11 

9 

7 

10 

5 

6 

5.1 

0.57 

14 

11 

2 

7 

4.2 

0.52 

13 

12 

5 

10 

9.0 

0.75 

18 

13 

4 

14 

7 

15 

9 

16 

4 

6 

4.2 

0.52 

13 

17 

7 

8 

1.5 

0.31 

7.5 

18 

6 

8 

1.0 

0.25 

6.1 

19 

1 

5 

6.5 

0.64 

16 

31 


Roll 

Ro. 

Frame 

20 

Track 

'Total 

Tracks 

7 

Range 
R(cra. ) 

nJL 

Energy 

KQV. 

21 

7 

22 

3 

7 

1.8 

0.34 

8.3 

23 

7 

4 

1 

4 

*2 

2 

8 

3 

4 

4 

4 

5 

9 

9 

5.0 

0.57 

14 

6 

4 

8 

8.0 

0.71 

17 

7 

9 

8 

4 

4 

3.0 

0.44 

11 

9 

9 

9 

2.0 

0.36 

8.8 

10  6 

11  5 

12  6 

13  6 

14  6 

15  7 

16  5  9  1*5  0.30  7.3 

17  6 

18  3  9  3.7  0.48 

19  8 
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Boll  Fframe  Track 

No. 

20 

21 

22 

23 

24 

25 

26 

27 

28  8 

29 

30 

31  2 

32 

33 

34 

35  6 

36 

37  2 

5  1 

Eg  2 


&nge  I^nergy 

B(ea*)  n^At  Kev. 


3.2  0.45  11 

2.0  0.36  8.8 

6.0  0.62  15 

1.5  0.30  7.3 


32 

Total 

Tracks 

6 

10 

6 

10 

8 

8 

3 

2 

8 

4 

5 

6 

5 

7 

7 

6 

7 

8 

8 
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Roll 

No* 

Frame 

'Track 

•Total 

'Tracks 

Range 
B(cm. ) 

(s 1.0* 

Energy 

Kev. 

3 

3 

12 

2*0 

0.36 

8*8 

4 

5 

5 

5 

5 

2*5 

0*40 

9.7 

6 

7 

7 

3 

8 

4 

9 

5 

10 

7 

11 

O 

a 

4 

2*7 

0.41 

10 

12 

7 

13 

4 

12 

5.0 

0.57 

14 

14 

2 

6 

3.5 

0.47 

11 

15 

5 

16 

5 

17 

9 

18 

9 

* 

IS 

7 

20 

6 

.  r  • 

21 

7 

22 

7 

23 

4 

34 


Fframe 

Track 

•Total 

Tracks 

Range 
H(em« ) 

<a»a> 

a*. 

Tiiergy 

Kev. 

24 

8 

25 

9 

12 

4*4 

0*53 

13 

26 

5 

27 

4 

12 

1*7 

0.33 

6.0 

1 

7 

W°* 

55 

a*. 

2 

11 

14 

1.7 

1.1 

27 

3 

15 

4 

2 

5 

4 

10 

7.5 

2.4 

59 

6 

2 

2 

7.8 

2.4 

59 

3 

7.1 

2.3 

57 

7 

8 

8 

2 

11 

1.4 

0.9 

22 

9 

1 

9 

14.9 

3.4 

83 

10 

4 

9 

7.2 

2.4 

59 

7 

1.9 

1.1 

27 

8 

3.1 

1.5 

37 

12 

2.8 

1.4 

34 

11 

1 

9 

o.l 

1.5 

37 

11 

4.9 

1.9 

47 

12 

9 

13 

8 
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Frame  Truck 


k«V. 


Toll 
KO  * 

14 

15 

16  12 

17  1 

5 

18 

18 

JO  3 

8 

21  4 

7 

22  4 

6 
7 

•  23  8 

24  4 

28 

26  3 

27  3 

28  3 

29  3 


f  •  (^)0,:-  > 


«i«3 

1.5 

37 

5.0 

1.9 

47 

3.5 

1.6 

40 

9.6 

2*7 

67 

7.6 

5.4 

58 

3.9 

1.7 

42 

6.3 

2.5 

62 

3.9 

1.7 

48 

1.1 

0.8 

20 

7.2 

2.4 

59 

5.0 

1.9 

47 

5*6 

2.1 

82 

8.4 

2.6 

64 

2.3 

1.2 

30 

4*5 

1.8 

44 

5.5 

2.0 

48 

35 

Total 

iraci.» 

5 

10 

9 

10 

9 

13 

10 

12 

12 

9 

11 

12 

11 

11 

11 

9 


oil  Frame.  Track  Total  unge-  (flA ,  ) 


0.55 


To, 


Tracks  K(crr;. ) 
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Energy 

;  ev. 


SO 

6 

8 

3*6 

1.6 

40 

31 

6 

10 

9*6 

2.7 

67 

32 

7 

9 

8,5 

2.6 

64 

33 

4 

9 

7.4 

2.4 

59 

5 

5.1 

1.9 

47 

34 

2 

6 

6.0 

2.5 

62 

9 

8.4 

2.6 

64 

35 

7 

9 

2.9 

1.4 

35 

36 

2 

37 

7 

38 

3 

6 

6.5 

2.2 

54 

? 

1 

4 

14 

1*8 

1.1 

27 

°e 

2 

4 

7 

5.9 

2.1 

52 

3 

12 

13 

4.8 

1.2 

47 

4 

11 

5 

14 

6 

f> 

m 

10 

8.7 

2.6 

64 

5 

1.5* 

1.0 

25 

10 

16 

•r* 


toll  Iraafa  Track 

Ho. 


K«V* 


**'7 


Total  jange  )°*55 

Tracks  lUcm. )  nx 


10 

3 

2 

3.0 

1*5 

37 

11 

11 

12 

10 

13 

11 

14 

10 

12 

5.1 

1*9 

47 

i 

15 

1 

7 

4*4 

1*8 

44 

It 

3 

12 

3*2 

1*5 

37 

5 

6.4 

2*2 

54 

17 

10 

18 

6 

s 

1.5 

1*0 

25 

19 

10 

20 

11 

21 

8 

22 

2 

9 

7*0 

2*3 

57 

7 

4.7 

1*9 

47 

9 

6*3 

2*  2 

54 

23 

9 

10 

2*5 

1*3 

52 

24 

s 

85 

9 

15 

6*9 

«£*3 

57 

26 

6 

10 

5*0 

1.0 

47 

2?  11 


Foil  Frame  Tfrack  Total  Vwige 
No#  Tracks  a(ca  # ) 
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CX 


a 

12 

12 

10 


(He.:;) 


0.G5 


Energy 

i;ev* 


a 

5 

2 

3*3 

1*5 

37 

6 

y 

7 

16 

8 

li 

9 

7 

10 

3 

10 

6#0 

2*1 

52 

11 

a 

12 

& 

IS 

12 

14 

2*6 

1*3 

32 

14 

10 

12 

5*0 

1*3 

47 

15 

8 

16 

10 

13 

5*4 

2*0 

4& 

17 

4 

IS 

1*3 

1*1 

27 

6 

13 

11*5 

3.0 

74 

IE 

It 

m 


15 

11 

12 


JJnergy 

&ev# 

42 


Boll  Praia#  Track  Total  Range 
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ul 

22 

23 

24 

25 


track®  K(cm* )  n 


(&.,)0*66 


4*0 

3.3 


32  rouble  Lxposur© 

33  10 

34  5 

35  * 

36  & 

37  8 


1*7 

1.6 


37 


26 

1 

9 

3.3 

1.7 

42 

27 

2 

10 

8.1 

2.6 

64 

28 

0 

9 

3.6 

1.6 

42 

2b 

4 

30 

4 

31 

2 

10 

3.3 

1.7 

42 

9 

O, 


3.C 


1.7 


3 


8 


42 


'0 


noli  Tr&k® 
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Track  Total 
traces 


y&nrG  (ik.  ?)°*  ^  ..ac,-  v- 

E(cm* ) 


4 

5 

6 
? 
S 
» 

10 


ii 


13 

14 


4 

4 

5 
8 

Double  ffixposura 
7 

6 

4  S  3*2 

a 

« 

5 


1*5 


37 


15 

10 

16 

7 

a 

5*3 

2*0 

17 

7 

IE 

n 

lb 

6 

20 

7 

21 

4 

10 

6*0 

2*1 

22 

7 

23 

7 

OA 

<7 

4b 


52 
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oil  In;.,,  Track  otal  on;;c  (n^  ..~coi'.  ;•• 

3. 


25 

5 

26 

5 

27 

6 

28 

4 

20 

8 

30 

7 

31 

7 

22 

7 

23 

4 

24 

7 

35 

2 

7 

2*8 

1*4 

25 

7 

3*0 

1*4 

35 

10 

1 

5 

gm 

XGens*  Oo 
OOckj*  Kg 

2 

0 

3 

2 

0 

4*0 

0*80 

22 

(eta*  of 
lercury 

9 

5*2 

0*04 

23 

i  restore  >  4 

7 

9 

2*7 

0*7? 

10 

5  a 

6  7 

7  0 


€ 


1 

i*U 

Ko* 


AT. 


Frarnu 

Track 

Total 

Tracks 

Bang# 
B(cta« ) 

(fie  )°*55 

L 

towgjr 

K«v. 

© 

7 

10 

& 

11 

4 

11 

2*5 

0*63 

16 

12 

1 

7 

1*1 

0*40 

2.8 

12 

6 

14 

6 

16 

5 

6 

l.E 

0*52 

13 

16 

3 

6 

7*9 

1*2 

30 

1? 

3 

6 

6.4 

0.96 

24 

4 

8*2 

1.2 

30 

IE 

7 

19 

9 

20 

1 

6 

6*5 

1.1 

27 

2 

1*5 

0*48 

13 

21 

6 

6 

7*0 

1.4 

36 

1 

2*0 

0*62 

14 

m 

8 

9 

3*0 

0.69 

17 

23 

7 

34 
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’  Exposure 

25 

5 

6 

S.l 

1.2 

30 

20 

2 

10 

£.7 

0.77 

12 
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Eoll  Frame 

Track 

Total 

Tange 

(Hi.  )0,6j 

Energy 

Ko« 

Tracks 

i;(ern. ) 

nx 

Kev* 

n 

1 

9 

2 

7 

6 

5.9 

1.0 

25 

10om«  O2 

GOcffi.  Ho 

4B» 

3 

1 

7 

4.3 

0.84 

21 

4 

8 

6 

6 

6 

7 

? 

6 

£ 

1 

4 

9.0 

1.3 

32 

9 

6 

9 

2.6 

0.64 

16 

10 
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i&eposuro 

11 

5 

12 

13 

Double 

Exposure 

14 

6 

15 

6 

6  2.4 

0.47 

12 

16 

5 

17 

4 

IE 

8 

6  5.9 

1*0 

25 

19 

5 

20 

5 

2.6 

0.62 

15 

21 
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Track 
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R&ngc 
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**z‘ ‘ 
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22 

& 

2o 

Double 

l&poaur* 

24 

4 

25 

7 

26 

3 

7 

4*6 

0«tc 

22 

27 

1 

C 

4,8 

0,u0 

22 

2£ 

8 

8 

3,3 

0,73 

It 

83 

6 

50 

1 

5 

3,6 

0,76 

la 

6 

4,2 

0,33 

21 

Cl 

3 

C 

2,2 

0,56 

14 

6 

7,0 

1,1 

27 

32 

5 

33 

6 

34 

2 

g 

4,1 

G,£2 

20 

35 

a 

36 

e 

3? 

7 

7 
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0,85 

81 
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11 

12 
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trtiC^ 
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KisV* 

22 

2 

3 
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0.63 

13 

23 

6 

24 

1 

7 

7.6 

1.1 

87 

25 

7 

28 

9 

27 

7 
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4 

6 
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1*3 

32 

-cm*  Og 
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3*0 

0*89 

22 

29 

5 
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5 

21 

8 

32 

4 

33 

8 
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1.3 
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( 
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0*89 

22 

31 

1 

7 

2*4 

0.96 

24 

32 

1 
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4 
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0*75 

18 

3? 

2 

6 

2.1 

0.73 

18 

38 
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31 

32 

33 

34 
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Double  Exposures 


3 

9 

U 

6 
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0*6 
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iCV, 


40 


.  jvl  rlto 


‘rube  voltage  — - - 1425  volta 

Diecriidnator  setting  —  2  (™Wtive  side) 

uacJsground  - — - —  30  cpm. 

Absorber  — - - — - 7  rag./cm2  of  aluminum 


Date 

riaie 

Average 

2~5nin* 

counts 

cpra. 

cpni 

corrected 
for  bfcgd. 
and  !&D« 

Feb.13 

11*30 

5842 

3169 

1123 

14 

11*30 

6114 

1023 

977 

15 

11 

'490 

898 

852 

16 

« 

3798 
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714 

17 

M 

3374 
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629 

IE 

O 

2967 

593 

547 

19 

II 

2511 
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20 

H 

2286 

*i57 
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21 

M 

1968 
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22 

H 

.1862 
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P3 

« 

1650 
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25 

tt 

1310 
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216 

27 

R 

1062 

216 

170 

r  O 


X&tt 

3fac 

AV  1  i£C 

o  r.  . 

li 

counts 

cpn# 

u# 

MlTMti  1 
fox'  bfcgd. 
and 

itor.  1 

111  30 

848 

170 
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3 

m 

780 

156 

110 

5 

w 

€00 

120 

74 

7 

if 

521 

104 

58 

10 
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385 

77 

31 

20 

tt 

295 

59 

13 

25 

M 

245 

49 

3 

27 

« 

258 

SO 

4 

29 

If 

1512  (Ato.1  51 

5 

31 

«> 

1465  » 

49 

3 

Apr.  4 

If 

1472  “ 

49 

3 

From  p  ail  5,  corrected  for  RaD,  a  half  lift 
of  5*1  days  was  calculated  for  the  decaying 
substance.  This  agrees  well  with  tiie  accepted 
value  for  BaB  of  5#0  days«(2) 

The  distributions  for  the  various  gases  and 
mixtures  as  calculated  were  plotted  on  graph  1. 
Then  the  distribution  of  each  gas  was  raised  to 
make  it  equivalent  to  1250  disintegration,  (the 
number  of  disintegrations  counted  in  the  oxygen 
series),  and  the  resulting  frequency  distribution 
was  plotted,  (graph  2).  The  rraximum  occurring 
between  15-20  Kev.  is  quite  evident,  but  the  peak 
at  65  Kev.,  reported  by  i&chardaon  (1)  was  not 
found. 

The  distributions  as  given  by  the  Fermi  and 
K.  U.  theories  were  calculated  and  normalized 
using  the  total  number  of  measurable  tracks  as 
representing  the  coi^plete  BaE  spectrum.  These 
results  along  with  the  observed  data,  corrected 
for  tie  presence  of  FaD  and  branching,  were 
plotted  (graph  S),  and  indicate  the  relative 


v.; .  r  ■ 
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i  i 


O, 
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height  oi  v  16  '  *ve '  dniu *  1 2 3 4  nrd  the  thr  ~-tical 
one  at  400  Cev.  The  observed  and  expected  nusber 
of  particles  in  5  Kev.  intervals  between  0-70  Kev* 
were  plotted  (graph  4)* 

o£  1  p>Y  gn,qr;a_^artlc7.eg. 

The  low  energy  particles  may  be  due  to  one 
or  more  of  several  effects, namely: 

1)  rackscattering  from  the  source 

support* 

2)  The  presence  of  PaD*  These  would 
only  appeal*  in  the  range  0-25  Kev.  since  the 
ma;d.ffium  energy  of  HaD  beta  particles  is  25  Kev. 

3)  Branching.  is  effect  would  only 
be  unnoticed  in  a  small  volume  surrounding  the 
source  where  droplets  are  not  formed. 

4)  The  low  enei'^r  group  of  KaS* 

Correct!  nsjto  the  distribution. 

Collections  for  the  above  were  aprilied  to  the 
distribution  as  folia  s: 

1)  The  source  support  was  approximately 
0*3  u  thick  so  back-scattering  was  considered 
negligible* 


.  • 


. 


2)  :  ictiv  V  raeae  xsmsnt'i  of  U~e  scurce 

indicate  1  that  1*4$  of  the  total  Count  was  due  to 
BaD.  On  this  basis  the  energy  'atribution 
according  to  the  Fer.ui  theory1'  «us  calculated  and 
nor  alized  for  the  huh  s^octruru  and  plotted. 

(graph  2).  die  ordinates  of  this  curve  were  then 
subtracted  from  the  histogram  of  the  observed  data* 

3)  Williams  und  Terx'oux  (15)  using 
oxygen  in  the  cloud  chamber  observed  1G  branch 
tracks  between  7*5-10  Kev* j  3G  between  10- GO  Kev* ; 
and  IS  between  20-4C  kev*  for  a  total  track 
length  of  1800  cm* 

For  a  distance  cf  0*5  cm.  on  either  side  of 
the  source  no  track  droplets  were  formed  because 
in  this  region  the  expansion  is  not  adiabatic* 

Lew  energy  branch  tracks  formed  in  this  region 
would  therefore  be  erroneously  counted  as 
disintegration  tracks*  -m  estimate  of  the  number 
of  those  tracks  from  5-10  lev.  is 

X  -  >sr  of  tracks  counted)  X  16 

1800“  *  -  in  oxygen  and  mixtures* 


and  similarly  for  the  other  too  ranges  10-20  and 
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i.C-40  :XV •  Thee-  iu  J  tc  be  uAixor£jj.y 

distributed  t  roug.cout  the  energy  ranges  5-10: 

10-20:  and  20-40  .vev#  were  a;;  „^riately 
subtracted  froj»  the  counted  numbex*s#  The  corrected 
experimental  curve  was  plotted  aaong  with  the 
expected  values  in  5  lev#  intervals  calculated 
using  the  Fermi  and  k#  U.  theories,  (graph  4). 
Conclusion:? 

From  the  experimental  data  there  appears  tc 
be  a  group  of  low  energy  particles  between  0-65 
Kcv#  orrdtted  by  Bali  of  about  G#0v  per 
dij integration  ;hich  exhibit  a  maximum  between 
15-20  Kev*  The  height  of  the  peak  is  about  1/5 
that  of  the  theoretical  saximum  at  40C  Kev#  These 
results  agree  /itli  those  of  H#  0.  W.  Bichardson  (1), 
..ultiier  and  hogers  (a ) ,  (10) ,  and  dads on  (11),  in 
that  a  uaximum  was  obtained  at  the  low  energies. 

The  pejition  of  the  peak  obtained  by  the  different 
workers  varies  between  11-30  Zev.  Another  peak  at 
55  lev.  obtained  by  II#  C#  V,  .  vic'nardson  was  not 
found  in  this  experiment# 

This  suggests  either  that  the  Fermi  or  k#  U. 


r.n 


the crier  re  :  J'  in  arrv  raent  with  these 
observation  ‘i,  or  that  Ra  is  isomeric#  If  the 
latter  1?  true,  one  would  expect  a  difference  in 
the  half  live*  of  tve  two  modes  of  disintegration, 
with  the  leaver  energy  having  the  longer  half  life. 
The  check  on  the  half  lives  of  the  two  modes,  if 
there  are  two,  ^ould  be  interesting,  hut  cannot  be 
done  until  several  half  lives  of  the  5  da y  hah 
have  elapsed.  This  will  be  done,  but  cannot  be 
included  in  this  report. 
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ty  measuring  t.  c  rutile  :  of  the  low  energy 

y 

. 

obt.-n*  •  lore  ap-<*ara  to  be  u  group  of  lov. 
energy  articles  of  about  0*06  per  <liair* to:  ration 
with  a  ost  robe* bio  c  .  .I*  ./  bet-  ^  ;  15-  :0  aev* 

The  nudbcr  of  low  aner:  y  ^articles  duo  to  tilt 
presence  of  a  I)  and  hr&nc  ing  -were  calculate'  !  and 
the  correction  apv.lle  i  to  the  experimental 
distribution*  These  corrections  failed  to  account 
for  the  ouximuci  obtained* 

-here  is  the  rv  aaibiiity  t.  ..it  .a  is  iror^ric, 
aiid  a  test  for  this  will  be  carried  oat  at  a 
later  date# 
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A;.,,.  Ux  I 

Preparation  of  vinylite  i'll  ms  for  source  supports, 

A  solution  of  250  nqg.  of  vinyl ite  with  10  c.  c. 
of  pure  chloroform  was  prepared  using  vinyl ite 
discs  obtained  from  la*.  .  orrison  of  the  Department 
of  Chemistry*  A  1000  ml.  beaker  was  carefully 
cleaned  with  KNO3  and  filled  to  within  of  the 
top  with  distilled  water*  Then  by  using  a  fine 
tipped  eye  dropper  the  solution  of  vinylite  and 
chloroform  was  placed  on  the  top  of  the  water  one 
drop  at  a  time.  A  thin  layer  spread  out  over  the 
surface,  and  when  the  chloroform  evaporated  a 
thin  vinylite  film  was  obtained*  The  thickness 
and  uniformity  of  the  film  was  determined  by  the 
interference  of  the  reflected  light*  The  desired 
thickness  of  film  could  be  obtained  by  adding 
either  more  chloroform  or  vinylite  to  the 
solution*  when  a  film  of  desired  thickness  and 
uniformity  was  obtained  it  was  lifted  off  on  the 
support  described  under  Apparatus*  Three  source 
supports  were  prepared  at  one  time  in  case  of 
later  breakage*  The  film  used  in  these 
experiments  ras  C . >  u  thick* 
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Filr,  developer  and  Fixer 

Linagraph- Ortho  igu  speed  °5mm#  film  by 


Kodak  as  used  to  record  the  tracks# 
Developer  D-19 
lor  1  British  Gallon. 

Water  (50  degrees  centigrade) 

Elon 

Kodak  sodium  sulphite  (dessicated) 
Kodak  hydroquinone 

Kodak  sodium  carbonate  (monohydra ted) 

Potassium  bromide 

Cold  water  to  make  1  gallon. 

Fixer  lath  P-5 
For  1  British  Gallon 
V'ater  (50  degrees  centigrade) 

Sodium  thiosulphate  (hypo) 

Sodium  sulphite  (dessicated) 

Boric  acid  (crystals) 

Potassium  alum 

Cold  water  to  make  1  gallon# 


2400  c#c. 
10# G  gins# 
461  gms# 
42# 3  gms# 
268  gms# 
24  gms# 


28S0  c.c# 
11.50  gms# 
72  gms# 
36#0  gms# 
72#0  gms. 


ft '25096 


